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1. Introduction

O KBRS e % T T AR

;JThe work-to be reported here”addressed the following objectives: (as
detailed in the Technical Proposal):
1. “Lompare bench determinations of ASSP and FSSP sample areas with

determinations during actual cloud sampling}

2.- Evaluate the accuracy of the overlap in size range between FSSP
and 1D-C probes,
3..7Evaluate the response of the ASSP and FSSP probes to ice crystals:

4, ~Check the statistical correction schemes used to deal with 1D-C

T S ey

counts in the lowest and highest size categories.

The information needed to accomplish these objectives was collected
by performing special tests with the probes in question. These tests
were conducted, for the most part, at the Elk Mountain Laboratory, during

L A BN

times when the Observatory was enveloped by clouds. Bench and wind-

tunnel tests were utilized. In addition, data were derived from air-

oo~

craft penetrations of clouds, with identical probes as those used at the
Observatory. <

The tests have yielded some important new insights on the questions
formulated in the objectives. These results should be helpful to inter-
pretations of data collected by AFGL and other research aircraft i
PMS probes. However, as is the nature of research, the results also
revealed additional questions and yet unexplainable features, so that it

appears fruitful to pursue the evaluations further.

2. lInstruments used in tests

a. Particle Measuring Systems (PMS) Axially Scattering Spectrometer
Probe (ASSP)

Model: ASSP - 100

History: This unit is on loan to us by the Bureau of Reclamation.

[ =T WA S — S T

. The unit was refurbished by PMS during the summer of
1978. "'Strobe' and "Activity' circuitry was added in
! October 1978.
’ b. PMS Forward Scattering Spectrometer Probe (FSSP)
Model: FsSP-100
Serial No: 80-5T-7607-1980
History: This unit was leased from PMS for the duration of the

tests. The unit has been used by PMS as a reference
standard.

§
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¢. PMS  Optical Arrav Cloud Droplet Spectrometer Probe (1D-C)

Model: OAP - 200X

Serial No.:  7314-0678-09

History:  This unit was Teased from PMS for the duration of the
tests. It had been caltibrated at FMS to 20 m channel
widths on ! March 1979,

d. PMS 2D Optical Array Spectrometer Probe (20-C)
Model:  O0AP - 2D-C
Serial No.: 393-0177-01A

History: This unit was leased from PMS for the duration of the

tests,

3. Procedure

The majority of the studies here reported were performed at the EIK
Mountain Observatory. A slow-speed (25 ms‘l) wind tuntel was utilized;
two probes at a time could be installed in the wind tunnel. The wind
tunnel and the instrument platform on which supplementary measurements.
were taken  are shown in Figqure 1.

Data collection was performed primarily during periods of time when
the Observatory was enveloped by clouds. Additional data were obtained
thy generating large numbers of small ice crvstals near the entrance of
the wind tunnel with a spray of liquified propane.

The data processing and recording systems were located inside the
Observatory.

Table | summarizes the periods of field observations.

b, Results and Discussion

a. Sample area studle. using the ASSP

With the ASSE mounted on the bench, the electronic depth of field
was first determined with the method given by PMS. This procedure invol-
ved placing oscilloscope probes on the amplifier outputs from the sianal
and annulus photodetectors before they are capacitively decoupled. A
transluscent material is then passed from one extreme of the beam to
the other, noting the two points where the signal wiltage ¢rosses the
annulus voltage. These two points determined the actual depth of field
to be 4.0-4.2 om. By projecting the beam at a right angle onte a scale,

the beam width was Jdetermined to he 0.18 mm.  The depth of field and beam




Figqure |

wWind tunnel attached to instrument plattorm at the IR Mountain
Observatoryv. ASSP, FSSP, ID-¢ and 2D-C probes were installed

one-tfourth of the way up from the avial fan blower at
of the tunnel.

the bottom




TABLE 1

1978-79 SUMMARY
OF FIELD TEST PERIODS

DATE ASSP  FSSP 1D-C 2D-C COMMENTS
12 Mar 79 installation of instruments
13 Mar 79 v v Study of effect of ice particles
on ASSP spectrum
16 Mar 79 v v Comparison of ASSP - 1D-C in over-
lap region
12 Mar 72 Y v Small ice particle studies
25 Mar 79 / 4 ASSP-FSSP intercomparison
Y/ / Small ice particle studies
v v Comparison of ASSP-1D-C in over-
lap region
v/ Glass bead calibrations in lab
using mobile aperture
2 Apr 79 v Glass bead.calibration in lab
using mobile aperture
" v Small ice particle studies
v v Mobile aperture affixed to 2D-C
3 Apr 79 4 v Mobile aperture affixed to 2D-C
H v % Mobile aperture affixed to 1D-C
)
; v v Study of effect of ice on FSSP
specturm
t v v Small ice particle studies
4 Apr 79 v 4 Comparison of ASSP - 1D-C in
overlap region
KEY: ASSP - PMS axially Scattering Spectrometer Probe
FSSP -~ DMS Forward Scattering Spectrometer Probe
1D-C - PMS 1D Optical Array Spectrometer Probe
2D~C - PMS 2D Optical Array Spectrometer Probe




diameter measured agreed favorably with those specified by PMS when we
received the ins.rument (4.0 mm and 0.18 mm, respectively). Although
the beam diameter and depth of field determine the total sample area, the
effective sample area is smaller due to the velocity rejection circuitry
which is used to minimize edge effect errors. This mechanism gives an
effective sample area 62% of the total area according to the PMS data.
The accuracy of this value was tested while the ASSP was on the bench
according to the following procedure.

An aluminum tube, fitted with glass windows,was fabricated to fit in
the throat of the ASSP. A movable brass slide was inserted just far
enough to be secure and yet not have its flattened side in the air stream.
The apparatus is shown in Figure 2. After adjusting the tube so that the
laser beam of the ASSP passed cleanly through the windows, a vacuum hose
was attached to the tube and air was drawn through at an approximate rate
of 18.5 ms . At first 200-300 glass beads, 10-15 um in diameter, were
passed through the tube to establish a steady velocity average. The brass
slide was then pushed completely into the calibration tube until snug and
L00-500 more beads were passed through the tube. After totaling the counts
seen by the ASSP, the brass slide was removed and placed under the micro-
scope where the glass beads which stuck to the silicone coated surface
were counted over a representative area. The effective sample area was
determined from the ratio of concentrations and the sampling on the slide

by the formula:

ESA = NA*SA/NS

Where: ESA = Effective Sampling Area
NA = Total counts seen by ASSP
NS = Total counts over slide area
SA = Slide Area over which beads were counted.

Using an average over several runs, the effective sample area was
found to be within 10% of that determined by PMS, with our value shown to
be 0.35 mm’ while the PMS value was stated to be 0.32 mm>. The velocity
rejection percentage is thus higher (68%) than the original specifications
state (62%).

This calibration technique has been utilized on several occasions and
was found to be an effective method of checking the sampling area of the

ASSP from time to time.
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b. ASSP and cloud gqun slide intercomparison

A total of 63 soot-coated plastic slides (CGS) were exposed '
droplet impaction during the 1978-79 field scason at €1k Mountain. borts-
one of these slides were compared with ASSP data recorded duriog the
same periads of time. The remainder of the stides were eliminated Crom
the comparisons due to occasional failure of the cloud qun mechaniom,

ASSP icing in the wind tunnel, or dJdefective soot coatinas.

Atter sizing the craters in the soot and deriving the corresponding
droplet diameters, the data was stored in the computer and a number of
araphical analyses were conducted. Figure 3 shows a typical spectral
comparison as measured by the cloud gun and ASSP.  The first things which
may be noted are the differences in spectral width and concentrations.

The broadening of the spectrum by the ASSP has been also documented prov-
iously (Walsh,1977)}. The difference in concentrations does appear puc-
zling in liaht of aircraft studies which show that typicaliy, for corcentro-
tions ~ 500 cnr3 , the ASSP tends to measure higher concentrations than

those seen bv the cloud gun. The reason for this discrepancy will be
discussed hbelow.

Figures & through 7 show the comparisons between ASSP and CGS concen-
trations, mean diameters, standard deviations of the rmean diameters
and tiquid water contents. Figure 8 shows a portion of an ASSP record
averaged over 10 s intervals Yor v 3 hours,with the corresponding
CGS values. 1t is obvious from this graph that the cloud parameters can
vary sharply over relatively short periods of time., This is not explained
by differences in sampled volume betweer the ASSP and CGS (v 10 (m‘f‘cg for
the continuously recording ASSP; v 12 cm3/samplc at 5 ms for the CG8Y.  The
difference in position of the two sampling instruments may account o «ome
of the scatter (this willbediscussed further below).

During the ficeld season, liquid water was also being measured by g
rotating riming rod whose mass accretion rate Jdetermined the liquid water
content of the air, The sampling time of this device was tvpivally 10-15§
min. As seen in Figure 9 the relative variations for the riming rod and the
ASSP appear to he a good agreement but the absolute values are noi exac: !y
reconcilable. These data apoear to reinforce the credibility of the ASSY
while raising some questions as to the validity of some of the Jdata ooiaos

determined by the (GS.
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Figure 3 Differential and cumulative concentrations plotted against
diameter for cloud droplets sampled by the ASSP and CGS at b
155600, 9 Januvary 1979, at the Elk Mountain Observatory. §
The ASSP and CGS sampling times were 1 s and 5.8 ms
respectively. ASSP droplet concentration was 131.4 em™ 3, ’ '
the corresponding CGS value was 334.9 cm”
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Figure & CGS versus ASSP-measured droplet concentration (N) from 37
samples taken from 9 January - 4 April 1979 at the [k Mountain
Observatory. Best fit using a loast-<quar§§ method is represented
by a line described by N = 3.60 N_ 0.89 with a correlation
coefficient of 0.71. cas asxsp
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Figure 6 CGS versus ASSP-measured standard deviation (v) of the
mean diameter for the sample set shown in Figures & and 5. Best
fit to the data is represented by a line described by

R = 0.32¢ = 0.71, with a correlation coefficient ot 0.35.
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The concentrations as measured by the LGS were tvpically o factor o
2-3 greater than those measured by the ASSFL. The tirst explana, ion o
this discrepancy appeared to be that there were tosses in the wing tunonel
due to tutbhutence. After the comparison with riming rod data, the Ansy o
WORCArs Lo be are accurately measuring the concentrations,  The oloaa
un carceni by peing used at the observatory s oan older versoon ot che
type Dow used on oue airgcratet, Pes sampling aperture s bulky, o tha vge oo
streamline compresaion samnlina volure mioht he higher than hat Ghich a oned
in the catcalatron,  The clow! our is mon heing moditicd tor he IMTa.xD
field season to have a sampling cross section duplicating that ot the
aircraft system. The timing mechanism is also being updated to 1ncrease
its accuracy: the timing of the exposure time for this past season could
not take into account small variations in slide passage time as does the
current aircraft system. We anticipate that the discrepancy between the tao
instruments will be resolved in the coming field season with the chanagen in
geometry and timinag and insertion ot the cloud qun 1n the tunned next te the

ASSP rather than at the mouth ot the tunnel.

¢. ASSP-FSSP Comparisons

The ASSP and FSSP were positioned together in the wind tunnet oy
a period of about one hour (refer to Table 1). Fiqures 10 through 10 show
scattergrams of 1 s values, relating concentration, mean droplet diameter,
and liquid water content as measured by the ASSP and PSSP, Figqure 13 shows
the average spectral distribution over approximately an hour's duration
and Figure 14 shows a portion of the ASSP/FSSP concentrations and Tiquid
water conients over a time period of v 2 min., Figure 10 shows a agood
linear relationship between the concentrations as measured by the te piebes,
however, the concentrations seen by the ASSP appear to he a tactor of
three higher than those measured by the FSSP.  The mean diameters as whown
in Figure 11 show the ASSP sensing larger diameters an the averaae than
the FSSP. The source of this discrepancy becomes obvious when looking
at Figure 13 where the FSSP shows much higher concentrations in the
lower diameters than does the ASSP.  The cause tor this negative skewness
is not fully understood but a strong possibility is that there was cithe
an internal or external source of noise which was piched up on the Towet PSSP
channels. This discrepancy will Le resolved during the next ticld
season. The liquid watercontoat (LWC) as measured by the twoe instruments

is a reflection of the discrepancies between the two instruments in

s
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concentration and diameter. The ASSP LWC values are almost a factor of
three higher than the FSSP values. Aside from the difference in absolute
magnitude, Figure t4 shows that both instruments appear to be respondio
to the same changes in cloud water and droplet concentration, insuring
that the instruments are not just experiencing random fluctuations.

The factor of three differences in concentration remains a puzzle
which will remain a point of speculation until the next field season.
Possible causes might have been the shifting of the FSSP sample area, oi
possibly a malfunction of the FSSP. The latter hypothesis is based upor
the actual failure of the FSSP near the end of the field season. The
real answer will remain unknown as there was a misunderstanding
with PMS when the probe was returned with the outcome that the FSSP was
modified for another project before the cause of the failure could be
ascertained.

d. Studies of the 2D-C probe response

Our studies of the 2D-C probe undertaken during the 1979 field
season indicate that the instrument undercounts particles in the smaller
size channels (midpoints 25 - 175 um). This is most likely due to the
reduced depth of field (DOF) in those channels; however, the DOF correc-
tions supplied by PMS overcorrect the concentrations in these channels.

The 2D-C probe was operated in the wind tunnel at the Elk Mountain
Observatory while the mountain was enveloped in a cap cloud. Occasionally
during its operation (or when the ID-C probe was operated) oil cocted
glass slides were exposed in the wind tunnel near the probe, yet ndt inter-
fering with the airflow. Ice particles were collected on these sliaes
which were photographed in a bath of cold hexane. These photographs
were later used to count and size (in 20 um bins) the ice particles. Many
of the oil-hexane (0-H) slides were overexposed; the crystals which were
collected tend to clump together and make counting difficult.

Only one 0-H slide. exposed on 3 March 1979, was suitable for a com-
parison with data taker simultaneously with the 2D-C probe. For a I min
average, centered around the 0-H exposure time, the counts per channel
from the 20-C probe were compared with those from the 0-H slide (the 20
um bins had been mapped into 25 um bins) to determine a ''counting effic-
ency''. This value is piotted against particle size in Figure 15. Also

shown are the counting efficiencies found from PMS' DOF values. For
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oexposed tor 2 G the 20-C data s o b min average centered on
the 0-H exposure time.  The method tor deriving counting etii-
ciency is explained in the text.  The wolid Vine represents the
counting etticiency predicted by PMS.




st channels the probe respomsie closely resemble. that dredicted by PN .

The first channel (mean diameter 35 um) appears (o be subject (o g lenae ‘

loss of DOF than predicted.  More O-H slide comparisons will e neft ey

to determine it this overcount ing tendency is unique to this sample ot o

!
consistent teature (for this reason we have not caleulated et tec e f
DOF's for the 20-C as we have done 1or the 1D-UY 0 Thiw anaby e aecoimes ?
that the probe will either detact or miss entirely particles, depending
o on the position of the particle within the beam; possible mis-«ising ot r
Ei out-ot-focus particles Is thus not considered.
'% Our comparisons ot 2D-C data with O-H «lides in the past have and
\
*; cated that the use of PHS' small channel correvtions result in escessive }
; high ice particle counts inthese channels, which Teads to extiemely hiah o tal
concentrations and erroneously small wean diameters.  We have been analy - b
. ing 2D-C probe data using a constant DOF (ol mm), which yields watistag
tory mean diameters and concentrations,
The origin of the undercounting problem was turther investigated

~ A . . .
through the use of a movable aperture. This devive could be attined to
the 20-C or 10-C probe tips and provided a ¥ om wide aperture throuah

which particles could pass.  This opening could be moved along the beam

———y el Ry

length between the probe tips so that the probe response o particles al
¥ | t

ditterent po- crons along the Taser beam could be examined,

This apettuie was used 1o investiagate how Jditterences o probe res
ponse alona the beam leagth contributed to the overall tevponse.  Several
experiments were conducted in which alass beads of Known sise ranges were

passed through the aperture.  Beads of 2536 um diameter wete not cotedted

e e — ——

by the instrument at all, even at the focal plane of the detedtor lens. dn
part this is due to the fact that the clovking rate tor these tests vas

Jow (to match the low particle velocities); at higher velocitics ar Teast

a blank frame is expected for these patticte sices. Other bead sises uned
were 100-110 ym (peak diameter 100 am with VH00 o the beaduwithin the 20t
um bin), and 250-300 ym (peak diameter J6O ym with 637 ot the beads in the
230-290 wm bina).  Some beads were captured on glass shides, thean photoaraphed
and sized in the same manner as the O-H sTides. A vacuum cdeanet was it bag hed
to one end o the movable aperture in order to "uck' the beads thoouah

As bPeads were sampled tarther away Porn the caenter parnt ot the 1o

Bty




st

beart, the bead images (see Figuees 1o o 17) were slightly Targer and

Nad Mdonat holes”

in their centers.  These holes were rare when beads
were sampled acar the conter point ot the beam. 1t could not be deter-
Ained trom these tests whether or not the probe undercounted beads in the
smaller sise channels as the aperture moved awvay from the center point.
tar the TO0-110 wm beads there was appatent]y »ome noise in the smalder
chacna s which Jdid not change with ditierent aperture positions, and for
the 250300 um beads tew particles were seen in those channels tor any
aperture position.  However, the peak channels did shitt to larger sices
as the aperture moved away from the center point (Figure 18). This eftect
was more pronounced for the smaller size range of beads. Still, tor most
aperture positions the 20-C image sizes were in reasonable agreement
with the mean diameter measured from the 0-H wlides.

Aperture studies conducted in the wind tunnel were more conclusive.
In these studies, the 20-C probe was mounted in the wind tunnel and the
movable aperture attached: it was manually moved to the different posi-
tions at intervals ol several minutes. Counting etficiences were doter-
mined by comparing concentrations per channel Tor aperture positions away
trom the coenter point to those measured at the center point.  The large
ends ot the sice distributions (sizes ~ 200 um) were matched araphi-
ically to adjust for any Jdifferences in total particle concentrations.
Since the total time durations of testing were short (less than about 20
minY the sise Jdistributions were reasonably constant., .

he results of the study are plotted in bigure 19, Channels 2-4 (mean
Sice W0-100 pm) show the areatest DOT eftect.  Counting etficiencies tor
these channels decrease sianiticantly as the aperture distance from the
center point increases. For example, tor the second channel (mean diameter
S0 um) the counting etticiency at 1 em trom the laser end was 4727, while
next to the laser end it was 120, these values for 1 oem trom the detector
evd v e D337 and near the detector end wer e P7=2a, The eftect on the
Pirat channed amean siee 28 omY s not as great; counting etticiencies were

1O haher thao those ot the secomd channel (ranging trom 7- 31350 and

invreasing turther trom the center point),

The tesponse of the 2D C probe at sicses - 100 um is close to the PMS
specttications,  The counting etficicncios tor the First two channels

tridpoints M and 50 um) are somewhat higher than thowe given by PMS. At

A
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Figure 16 2D-C images of 100-110 um glass beads recorded on 2 April

Elongation of images is due

1979 at the Elk Mountain Observatory.

Mobile aperture posi-

tions are (a) ~ 2 cm toward laser side from center point of probe

aperture, (b) ~ V.4 cm toward laser side and (¢} ~ 0.8 cm toward

to timing differences with the 2D-C DAS clock.

laser (d) at center point (e} ~ 0.8 cm toward detector and (f) ~ 1.4

cm toward detector




- "‘—

| P el terrL e
PLeP" Pl lo] | ol ble®iee0” Ll ol |

Figure 17 2D-C images of 250-300 um qlass beads recorded on 2 April 1979 at the
Elk Mountain Observatory. Elongation of images is due to timing
differences with the 2D-C DAS clock. Mabile aperture positions are

(@) v 2 cm toward laser side from center point of probe aperture
(b) at center point and (c) * 2 cm toward detector.
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this point this cannot be satistactorily explained; it could be due to
mis-sizing of larger particles, light refraction or otoer noise,
With more O0-H comparisons, "effective' depths of field could be

determined tor the 2D-C probe. These would be used in data anmalysis 1o

find the true ice particle spectrum from the measurced spectrum. At pre-
sent we will continue to use constant depth of field of 61 sm {(1imited
by the probe aperture).

The 2D-C probe data shows counts in the smaller channels (sizes
< 100 um) for both the bead sizes (100-110 um and 250-300 um beads), but
there is up to now no real proot that these are real and not noise or
mis-sized counts. The probe did not detect 25-35 um beads at any point
along the laser beam for the speeds used; while 100-110 um beads were
detected along the entire beam length. Unfortunately beads in the range
between 35-100 um diameters were not available during testing. Whether

the probe detects small (< 10 um) ice particles, and with what effi-

ciencies, is a crucial problem, and we intend to focus much of our 1980

field work to finding an answer to this.

e. Studies of the 1D-C probe response

The results of our investigations of the 1D-C probe are in many
ways similar to those obtained from the 2D-C probe studies. The probe
undercounts particles in the smaller channels, due to decreased DOF's tor

these sizes 140 um). Therealso appears to be an undercounting problem

(5
in the larger channels (; 240 um).

Eleven 0-H slides were available for comparison with 10-C data.

As for the 2D-C - 0-H comparison, the 1D-C data was a ! min average around
the time of the 0-H siide exposure time (usually 2-10 s). Counts per
channel were compared in order to determine counting efficiencies. The
results are plotted in Figure 20. PMS includes a '‘sample probability' tor
the first three channels. This is a theoretical value, ranging from 265% i
for éhe first channel to 89% for the third and describes the probability
that a particle in that size range is correctly detected. The predicled
counting efficiencies with and without this factor are also plotted in
Figure 20. The general shape of the data curve agrees well with the PMS
values, but it does appear that the counting efficiencies are higher in
the low channels than those qiven by PMS. The data scem to match most

closely the curve obtained by excluding the sampling probability. In

2©




(%)

COUNTING EFFICIENCY

1000

4 T T I T 1 T T T 1 1 T T
- MEAN t+ o FROM Il O-H COMPARISONS .
| === DOF GIVEN BY PMS N
| ———DOF ADJUSTED BY "SAMPLE PROBABILITY" B
r—
{[5 l 1 1
’L ]
Q —jb
1
1 =
—
]
—
§
]
1
1.
200 300

PARTICLE DIAMETER (um)

Figure 20 Counting efficiency plotted against ice particle diameter
for 1D-C data (o) and those predicted by PMS' depth of
field values ( and ----- Y. 1D-C data is based on
11 0-H slide comparisons; means and standard deviations
are shown. The data were collected on 16, 17 and 25 March
at the Elk Mountain Observatory.
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addition, the higher channels (sizes * 240 um) undercount particles.

The
reason for this undercounting is not understood.

In determining the mean size of the sampled beads, and of ice parti-
cles sampied in the wind tunnel, the DOF's supplicd by PMS were ined
without inciusion of the sample probabilities, cven though the -H
comparison data suggest that these values mav be slightly small.  -However,

as shown in Fiqures 21 and 22, they yield the hest aqreement hetween =ean
diameters and their dispersions as determined trom the 0-H slides. Using
a cons.ant DOF gives mean diameters too larqge and dispersion coetticiocits
too small; including the sample probabilities in the DOF's give Jiameters
too small and dispersions too large. The shapes of the spectra obtaineu
from using the PMS DOF's match most closely those from the O-H data {see
Figure 23).

In a manner similar to that used from the 20-C probe, the rewponsae
of the 10-C probe was examined using the mobile aperture and glass bead-.
The same size ranges of beads were used as in the 2D-( tests, except when
the beads were sized by hand only those beads with diameters less than
310 oo were included.  (The 25-35 um beads were not available tar these
tests

The nean diameters of the sampled beads as measurced by the 1D-0 probe
are plotted against distance from the center point of the lascr bean 'n
Figure 24. There is a notable increase in measured mean diameter as the
aperture moves away from the center point, and, as rtor the 2D-0, thiv -
more pronounced for the smaller glass beads. The 1D-C probe respon.e (o
the larger beads is nearly constant for all aperture positions, exce !
for the undersizing that seems to be occurring at the center point ot
the beam. The 10-C mean diameters are in good agreement with those mea-
sured for the beads for most aperture positions.

Counting efficiencies for each channel were also determined ror the
bead tests. Counts per channel for aperture positions awav from the
center point were ''normalized’ to those measured at the conter point by
comparing the total concentration of counts for sizes 180 .m and laraer

{these channels did not appear to be affected by changes in aperture

position), and adjusting the remainder of the spectrum accordinaly . Inge
counting efficiencies for the smaller channels were then derived. tig-
ure 25 shows the results of these calculations. Channels 2-4 (mean wico

it
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40-80 um) are those most affected by changes in the aperture position.

Counting efficiencies for the first chanoel {mean size 20 1m) remain

fairly high (90-190%) for all positions. The counting etficiencies tor
the second throuvah fourth channel are those most atfected by changes in I
the aperturce position; for example, the counting etficiencies tor the
third channel (mean size 60 um) range from 52-106 . when the aperture is
-5 mm from the center point, to 1.3 - 7.97 when the aperture is 11-149
st from the center point.

Aperture tests were also conducted in the wind tunnel, where ice crvs-

o e g s e -

tals and blowing snow particles were sampled.  The 1D-C probe was operated
with the movable aperture, and the 2D-C was run alongside to monitor the i
size distributions of ice particles in the cloud. These tests were per-

formed on several days (see Table 1), Counts per channel were recorded tor
the different aperture positions, and compared to those recorded tor the l‘

aperture at the center point, The concentrations per channel were adjusted

for changes in the total cloud ice particle concentration (as measured by
the 2D-C probe) before counting efficiencies were determined: the shape
of the size distribution did remain nearly constant.

The caunting efficiencies obtained from the wind tunnel tests were
higher than those from the glass bead tests yet they display the same
tendencies {sce Figure 26). As the aperture moves from the center point
ot the probe aperture the counting efficiency of channels 2-5 decreased
significantly, while that of the first channel remains fairly hioh.,  The

counting efficiencices from the glass bead tests were fairly svamettic aboyg

the center point of the laser beam.  For these wind tunnel tests sove
degree of asymmetry about the center point is observed; the actual opti-

cal center point may be displaced slightly toward the laser «ide of the

probe aperture. Recall that the overall etfect (as shown in Fiqure 16) !
observed was that the probe undercounted in higher channels.  This is

the case far the aperture position about 2 ¢m trom the center point on

cither side, however, at the extreme cdges the probe overcounts, 1t this
overcount ing occurs only at the extreme ends of the laser beam, tor g
small fraction of its entire lenath, these results are not necessatily
inconsistent with the overall rtesults.  The average taken over the entire

beam Tength could still result in undercounting
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The total ice particle concentrations measured by the ID-C prabe are

about 25% ltower than those measured simultancously by the 2D-C probe ¢ log

particle size - 300 um only). The undercount ing obuerved in the hiaber '

channels of the 1D-C probe may account for this. In the lower ¢hannel .

where the undeccounting is due to particles being oul ot the depin o! }

tield, the PMS corrections for small particle sizes which were uaed act

ually overcorrect slightly for concentration.

Knollenberg (1975) has determined a set of relations between measured
versus actual crystal size for various ice crystal types sampled by the
1D-C probe. The correction of Il ice (large and small irreqular snow) has
been applied to the 1D-C data set for comparison with 0-H and 2D-C data.
The results are closer agreement in mean diameters ({sec Figure 27) and
_ in the shape of the particle spectra (see Figures 28 and 29). These
F corrections particularly improve the larger end of the spectrum, where
it appears that the 1D0-C probe is undercounting.

The depth of fields for the 1D0-C probe are ltisted in Table 2. This

table includes PMS' depth of fields- with and without the ''sampling pro-

bability'-and those calculated from the counting efficiencies found trom

1D-C - 0-H data comparison. Those DOF's found for lower channels (- 180

um) are smaller than the PMS values, however, those for larger channels

(v 240 ym) are generally larger. It is our intention to verify the con-
sistency of these values during the 1980 field season.

The undercounting of particles in small size ranges (Y 100 ym) for

the 1D-C probe can be explained as being due to the reduced DOF's in
these lower channels. The quoted DOF's actually slightly overcorrect for
concentrations in these channels,

As far the 20-C probe, however, we cannot be sure that these counts

are real. During the glass bead tests on the 1D-C probe using the movable

aperture reductions in particle counts in the small channels were not noted

as the aperture was moved from the center point of the beam.  This was not

abserved in the 2D-C probe data; counts in the first three channels temained

nearty constant at all aperture positions,.  The reduction in counts is onpoe. fod
it the DOF'y vere indeed smaltler for those channels.  This supports the
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Figure 29 Concentration plotted against ice particle diameter for data
collected at the Elk Mountain Observatory at 1020 MST on 17 March 1979.
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(Knollenberq, 1975) and corresponding 0-H ( ) data are shown. The
0-H slide was exposed for 10 s; the 10-C data are a | min average taken
around the O0-H exposure time.
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TABLE 2 Depth of Field vs. Diameter
fMS 1D-C Probe Model QAP-200\

] DEPTH OF TIey () T
CHANNEL MF AN FROM DATA PMS 1 1 pPMS Lo
L DIAMETER (1) i | r”m”.,““_.w‘
1
I 20 3.23 1 1,45 } 0.8
2 40 8.36 { 4,82 > .aa
3 60 17.39 10,14 ; 9.0
4 30 43,31 17.03 i Same an
5 100 Yy, 513 Yo, 08 j s ol
6 120 b9 ) 3780 ! ‘
7 140 6466 50. 34 i |
8 160 92.72 61,00 '
9 180 57.95 ! " % |
10 200 81,24 " ,
1 220 44 53 " !
12 240 29.89 ! "
13 260 by, 7% "
14 280 27.4% o ‘
15 300 L5 7% 61.00 :
l

“Includes “sample' probability
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Figqure 30 Four examples of the ASSP spectrum (concentration versus diameter)
measured when only ice particles (and few or no water droplets) were pre-
sent. These samples were takhen at 1416-1418 MST on 13 March 1979, Dioplet
concentration in em™3 (N), Tiquid water content in gm™3 (LWCY, mean diometer
in microns (D), standard deviation in microns (s) and variance (/D) wmie

given tor each 30 ~ averaqe.
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Figure 31 Four examples of the FSSP spectrum measured when only jce particles

and few or no water droplets were present.

132030-132230 MST on & April 1979,

These samples were tahen at
The key to the values listed above the

the graphs is given in the caption far Fiqure 30.
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Fiqure 33 Concentration plotted auainst diameter for ice particles
sampled by the 2D-C probe from 132030-132069 on hoApril 1979, This
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ice particle concentration measured by the 20-C probe was 10
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O Op v Voo oaasceneck o a0 gotaal oclona dioaoter et e

'MAal WAoo Ly e preset ooy el Tee oo,

SO0 Ve raes o COLAta arounda Chae cloud aun exrtosgre o e

were taken ftor comparison.  The 10-U data was analyzed using the Vet toc oe

deptns of fieids" resultinag from our studies of the 1D-C probe (see Table

2).  This gave our best estimate of the ice particle —pectra.

In the presence of ice particles, the ASSP spectra show tlat diceei- g

butions of counts in all channels. When no cloud droplets were present,

counts are seen in all channels, and concentrations are quite low (but

do not correspond to the true ice particle concentrationst. 1o mised
clouds, the droplet '"'spike' is superimposed upon this backugound of counts.
Several examples of this are shown in Figures 34-36. The 1D-C, ASSP and LE
cloud gun spectra are graphed on the same scale. The flat distributions
in the higher channels are clearly distinguished from the draplet spectra.

It is important to note that these flat distributions, presumably result-

ing from ice particles, are not seen in all-water clouds. E
The three spectra shown represent widely varyinag ice particle concens LL
. -1 ) P
trations as measured by the 1D-C probe: 1.8, 43, and 190 ° | a varia- g

tion of two orders of magnitude. (The corresponding droplet concentras

. ) 3 A
tions change by + 2007, they are: 293, 116, and 372 ¢m = as reasured !

v the ASSPY.  The flat 'tails' of the ASSP spectra chanae almost exacty :
in proportionwith the ice particle concentrations. Thus, it apnears o ;
he quite clear that the flat distributions in the ASSP data are asseciated
more closely with the concentrations of ice particles than with thowe ot

i cloud droplets.

Similar observations have been documented tar the oaSr, ceas de 0 e
presence ol ice particles, afiat distributionot particle comt o weer e e
the whole range of the instrument, with a superimposed droplet Uspike’.

In the presence of the ice particles, the ASSP and F5SE cload droplet
probes experience counts distributed fairly evenly over the entire sanpt- )

ing range. These counts do not exhibit a one-to-one correspondence with

ice particle concentrations as measurced by the 10-C probe:r sices and con-

centrations are not correctly measured. [t may be that each ice particle \

passing through the ASSP or FSSP laser beam results in several counts.
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A crvstal can produce more than a single pulse ot ity Siee caceeds o Timig

\dl) whict is dependent on air velocity (FAS) and the reser time o he

‘ YServobe and reset” circuitry (AU) ‘ll = (TASY x (). Hhis sice Viegr o !
'I tor TAS = 2§ m;" and At = 5 s, dl = 1269 amy; tor 1AS = Bo mn-] and Tt |
= 5 ms, dL = B00 um.  For the data on hand these Fimils were exoeeded by \
many crystals. However, since the number ot "talse' pulses o many e ’

the number of crystals, it appears that unusual pulse shapes produced by

scattering from crystals can result in multiple counts trom each crystal,

in a way not now understood. However, these flat distributions are caci by #
distinguished from Lhe spectra obtained from the cloud droplets at least ’
when a broad distribution of cloud droplets is not encountered simultan {
eous ly. .
:
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5. SUMMARY AND CONCLUSIONS j

From the studies discussed in this report we can derive the following A

prefbiminary conclusions concerning measurements of cloud particle spectra:
. . 2
i, The nmeasured sample area of the ASSP was found to be 0.35 mm™ com-

4
pared to the PMS value of 0,32 mm™ and the velocity reject percentage wae

68.. compared to 62% qiven by PMS.

}

i

2. CGS and ASSP measured droplet spectra are in fairly close agree-
ment, however, we suspect a sampling problem with the CGS as hinted at
by the persistently high droplet concentrations it gives.

3. The response of the 2D-C probe at sizes ~ 100 ym is close to the
PMS specifications, while counting efficiencies in the lower channels
are somewhat higher than expected. There is as yet, however, no proof that

the counts in these low channels are correctly interpreted.

WEP T -+ RpINGr IS ** SRRy

; k. The measured diameters of particles increase for particles

% further from the focal plane of the detector optics of the 2D-C

1 and 1D-C probes.  The overall effect of this is a slight oversizing of

i particles, + 250 at sizes near 100 jm, - 10Y near 250 um.

% . The 1D-C probe undercounts particles in the lower channels (l 140
} Lm) due to decreased depths of field for these small sizes. The depth

ot ticld corrections specified by PMS slightly overcorrect tor this

cftect.  The 1D-C probe also appears to undercount in highey channels

o APt £

(v 18 .m) and it is not known at this time whether this is due to mis-

b
stoing or particle rejection, !
6. The ASSP and FSSP probes respond to ice particleswitha nearly uni- }

form distribution of counts in all size channels. This flat spectrum is super-
imposed on any real droplet spectrum which may be present, The false counts

are tactors ob 300 toe 3000 higher than the actual concentrations of ice parti-

Dyr iy

clesy the dependence of this tactor on crystal type is not yvet known,
The tesules abtained under this contiact suaaest several topics tor
study during the 1980 field season.  These include:
1. Continuing bench determinations of depth of ficeld tor the FSSP i
and ASSP and velocity reject percentage tor the ASSPE in order to Jdetect

possible drifts in these values with time,
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2. Pevelopment and testing ot an improved cloud qan dropley

ASTHISA RSN
This will be fashioned atter the ooe currtently asved in our Queen A
rescarch anrcralt which has been Shown Lo give satistactory droplet e,
tra.

3. Laboratory and wind tunnel observations ot the bulae shape. ol
the ASSP and FSSP, and comparison ot their dioplet spectra with those
trom the cloud qun.

L. Glass bead and water droplet tests on the I1D-C and 2D-( probes
to determinge the depths of field and counting etticiencies in the lowes
channels (- 100 um).

5. Further studies involving the 20-C probe in comparison with
data from impaction slides and the 1D-C probe in order to more clo.ely
study the response of ths probe to ice particles throughout its entire
Size spectium,

6. Interpretation of the 2D-C depolarization data collected Juring
the 1979 field season. Further studies of the 20-C depolarization sign.i
tor different types of ice particles are also planned.

7. Investigation ot the apparent undercounting of the 1D-U probe in
the higher channels G, 180 um).

8. Explanation of the observed response of the ASSPE and FSSP piobes

to ice particles,
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